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DETAILED ACTION 
Request for Continued Examination 

1. A request for continued examination under 37 CFR 1.114, including the fee set forth in 37 
CFR 1.17(e), was filed in this application after final rejection. Since this application is eligible for 
continued examination under 37 CFR 1.114, and the fee set forth in 37 CFR 1.17(e) has been timely 
paid, the finality of the previous Office action has been withdrawn pursuant to 37 CFR 1.1 14. 
Applicant's submission filed on February 26, 2002 has been entered. 
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Claim Rejections - 35 USC § 102 


2. 


The text of those sections of Title 35, U.S. Code not included in this action can be found in 


a prior Office action. 

3. Claims 1-4, 6, 7 are rejected under 35 U.S.C. 102(b) as being clearly anticipated by P. J. 
Matsuo et al l . P. J. Matsuo et al identically describe a plasma semiconductor processing apparatus 
that generates a microwave plasma remotely relative to the substrate's location (Section I. 
Introduction; Figure 1). Additionally, the variable length of the plasma delivery tube is assessed 
under numerous conditions such as etch rates (Section III. A. 2, p. 1803), reaction layer thickness 
(Section III.C.4, p. 1809), atomic (neutral) and reactive (radical) species concentration (Section IV. B, 
p.1812). 

Specifically, and to further illustrate the teachings of P. J. Matsuo et al, the researchers describe: 

i. a first reaction chamber ("downstream tubing/lining", Figure 1) 

ii. a gas source (fluoromethane, oxygen, nitrogen. Figure 1) coupled to the first reaction 
chamber to supply a nitrogen gas to the first reaction chamber 

iii. an excitation energy source ("applicator, 2.45GHz", Figure 1 ) coupled to the first reaction 
chamber to generate a nitrogen plasma comprising ions and radicals from the nitrogen gas 

iv. a second reaction chamber ("processing chamber", Fig. 1) adapted to house a substrate at a 
site in the second reaction chamber 


'j.Vac.ScLTechnol A 15(4), Jul/Aug 1997 
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vi. 
vii. 


viii. 

ix. 

x. 

xi. 

xii. 


wherein the first reaction chamber is coupled to the second reaction chamber and separated 
from the substrate site by a distance equivalent to the lifetime of the ions (Figure 4) at a 
plasma generation rate such that the radicals react with the substrate in a process conversion 
step (film deposition, Refer to Figure 10(d) and section C.l - "At point (d) N 2 is injected 
once more and the reaction layer thickness increases again. ") 

the excitation energy source supplies energy having a microwave frequency to generate a 
plasma from the nitrogen gas (abstract, first sentence) 

The dimensions of the first reaction chamber ("...as the distance from the plasma to the 
etching region is increased...") are configured such that substantially all of the ions generated 
by the nitrogen plasma are changed from an ionic state to a charge neutral state within the 
first reaction chamber (Section IV. B, p. 1812) - - X 

An apparatus (Figure 1) for exposing a substrate to plasma, comprising a first reaction 
chamber ("downstream tubing/lining", Figure 1) 

means for supplying a nitrogen gas (fluoromethane, oxygen, nitrogen, Figure 1) to the first 
reaction chamber 

means for generating a plasma from the nitrogen gas ("applicator, 2.45GHz", Figure 1 ) 
the plasma comprising ions and radicals (definition of plasma) 

a second reaction chamber ("processing chamber", Fig.l) having means for housing a 


substrate 
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means f„ r providing ,he piasnta ,o the second reaction chamber substantia,* free of ions 
such «ha. ,he radicais react with a substrate in a process conversion step (Section ,V.B, 
p.1812) 


Ken, 6.v. is intpiicitiy tattgh, according to Figure 4. As shown in F, gur e 4, there are atam etch 
rates up ,„ ,25cm of fits, reaction chamber iengths. As such, lifetime of the ions, up ,„ and inCuding 
ftese distances, are s„ff,c,e„,, y ,„ ng e „„ U g h s0 ^ the ^ ^ ^ ^ ^ ^ ^ ^ 

conversion step". 

4- Claims 17-20 are rejected under 35 U.S.C. 102(b) as being anticipated by Mehrdad M 
Moslehi (USPat. 5,082,517). Mehrdad M. Moslehi identically describe a plasma semiconductor 
processing apparatus that generates a microwave p.asma remotely relative to the substrate's location 
(column 1, lines 5-15). The control of the composition of neutral and reactive species, and it's 
importance to plasma processing, is taught by Mehrdad M. Moslehi (column 1 , lines 46-68; column 
2, lines 37-42; column 4, lines 9-14; column ,2, lines 56-68). Specifically, Mehrdad M. Moslehi 
describes a process conversion (column 4, lines 55-60) system where: 

xiv. A system (Figure 1) for reacting a plasma with a substrate 

xv. a first chamber (20, Figure 1 ) 

xvi. a gas source (12, Figure 1) coupled to the first chamber comprising 

xvii. constituents (12, Figure 1) adapted to react with a substrate (48, Figure 1) 
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xviii. an energy source coupled to the first chamber (38) 

xix. a second chamber (24) configured to house a substrate for processing 

xx. a system controller (40) configured to control the introduction of a gas from the gas source 
into the first chamber and to control the introduction of an energy from the energy source 
(column 5, lines 43-52) 

xxi. a memory coupled to the controller comprising a computer readable medium having a 
computer-readable program embodied therein for directing operation of the system (implicit;- 
column 5, lines 43-52), the computer readable program comprising: 

xxii. instructions for controlling the gas source and the energy source (column^, lines 43-52) to 
convert a portion of a gas supplied by the gas source into a plasma comprising plasma ions 
and radicals (column 4, lines 9-14; column 10, lines 55-60, definition of plasma) and to 
deliver the plasma to the second chamber substantially (column 4, lines 9-14; column 1 1, 
lines 54-63; column 1, lines 46-52) free of ions to react with a substrate in the second 
chamber in a process conversion step 
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Claim Rejections - 35 USC § 103 


5. The text of those sections of Title 35, U.S. Code not included in this action can be found in 
a prior Office action. 

6. Claim 5 is rejected under 35 U.S.C. 103(a) as being unpatentable over P. J. Matsuo et al 2 as 
applied to claims 1-4, 6, and 7 above, and further in view of Yamazaki et al (USPat. 6,130,1 18). P. 
J. Matsuo et al identically describe a plasma semiconductor processing apparatus that generates a 
microwave plasma remotely relative to the substrate's location (Section I, Introduction; Figure 1). 
However, P. J. Matsuo et al does not describe a rapid thermal processing chamber as a second 
chamber. 

Yamazaki et al describes a plasma reaction apparatus for film deposition (column2, lines 20-25). 
Specifically, Yamazaki et al describes a substrate housing rapid thermal processing (RTP) chamber 
(104, Figure 4; column 6, lines 9-15). 

It would have been obvious to one of ordinary skill in the art at the time the invention was made to 
substitute the P. J. Matsuo et al second reaction chamber for the Yamazaki et al substrate housing 
rapid thermal processing (RTP) chamber. 
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Motivation for substituting the P. J. Matsuo et al second reaction chamber for the Yamazaki et al 
substrate housing rapid thermal processing (RTP) chamber is drawn to the enhanced insulation and 
thermal conductivity of prepared films (column 6, lines 57-59). 
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Response to Arguments 

7. Applicant's arguments filed February 26, 2002 have been fully considered but they are not 
persuasive. 

8. With regards to Applicant's position that "Matsuo does not describe nitrogen radicals that 
react with a substrate in a film conversion step", is again, in the Examiner's opinion not a relevant 
argument in view of the apparatus claims as presently filed. In particular, it is well established that 
apparatus claims must be structurally distinguished from the prior art. See MPEP 2114. As such, 
arguments directed to the state of gas molecules and the reactivity of these molecules to enable a 
"film conversion step" is not an argument addressing structural differences between the present 
invention and the Matsuo apparatus as cited above. Further, for additional completeness, an inspired 
appreciation of the Matsuo reference does provide the context for those of ordinary skill where there 
is teaching and discussion for the state of gas molecules and the reactivity of these molecules to 
enable a "film conversion step" (see "Experimental Results"). 

9. With regards to the position where "... Matsuo does not describe an apparatus including a 
second reaction chamber adapted to house a substrate "for film formation processing", or coupling 
a first reaction chamber to a second reaction chamber with a substrate site separated by a distance 
equivalent to the lifetime of the ions at a plasma generation rate such that the radicals react with the 
substrate in a process conversion step." 
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It is again established, in the body of the 35 U.S.C. 102(b) rejection, that P. J. Matsuo et al teaches: 

xxiii. an apparatus (Figure 1) 

xxiv. including a second reaction chamber (housing "E/S Chuck", Figure 1) adapted to house a 
substrate (atop "E/S Chuck", Figure 1 ) 

xxv. "for film formation processing" - Section III.C.l page 1 805, left column. - "...indicates the 
formation of a progressively thicker modified layer on the unperturbed silicon...", "The 
formation of another layer takes place now.", "This suggests that the post-plasma effect is 
actually an increase in the reaction layer thickness.". 

xxvi. coupling ("Downstream Tubing/ Lining", Figure 1 ) a first reaction chamber (housing "E/S 
Chuck", Figure 1) to a second reaction chamber (where plasma is formed in Figure 1 - 
"Applicator" region) with a substrate site separated by a distance equivalent to the lifetime 
of the ions at a plasma generation rate ("...as the distance from the plasma to the etching 
region is increased..." - Section 1V.B, p. 181 2) such that the radicals react with the substrate 
in a process conversion step (film deposition, Refer to Figure 10(d) and section C.l - "At 
point (d) N 2 is injected once more and the reaction layer thickness increases again "). 

1 0. With regards to the position that "...the distance between the first reaction chamber and the 
substrate site separated by the lifetime of the ions, the ions available at the contact site are minimized 
so that predominantly radicals are available for reaction with a substrate as described in the 
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application." - P. J. Matsuo et al establishes the foundations for the relationship of charge and 
uncharged species in the plasma environment according to "The separation distance and design of 
the transport region encompass some important parameters. The separation distance, lining, and 
geometry play a major role in which reactive species survive and reach the processing chamber." 
(Section III.A.2). As such, P. J. Matsuo et al establishes the relationship between "separation 
distance" to the reaction chamber and the influence on the distribution, or concentration, of "reactive 
species" which also implies unreactive species if, by material balance, species are either reactive 
or nonreactive (inert). 

P. J. Matsuo et al also, as stated above, teaches "a nitrogen gas" as claimed in the discussion towards 
the end of Section III.A.2 and, in addition, in Section III.C.l page 1805, left column. 
11. With regards to Applicant's position that "Matsuo teaches that zero separation is best 
between a plasma generator and an etch chamber when nitrogen supplementation is contemplated." - 
The Examiner notes that Applicant has not provided a location in the Matsuo reference where such 
instruction is suggested. Further, that Matsuo teaches a variable distance between a plasma generator 
and an etch chamber when nitrogen supplementation is contemplated (see above) fully addresses a 
range of distances as would be variable under operating conditions for optimizing the stated 
objectives of Matsuo et al. See MPEP 2144.05. 

1 2. That independent claim 6 and dependent claim 5 "does not describe an apparatus for film 
formation processing or means for providing a plasma from a nitrogen gas to a reaction chamber free 
of ions such that the radicals would react with a substrate in a film conversion step." is again, in the 
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Examiner's opinion not a accurate position with respect to a complete characterization of the Matsuo 
reference. In particular, Matsuo does teach an apparatus (Figure 1) capable of film formation 
processing (film deposition, Refer to Figure 10(d) and section C. 1 - "At point (d) N 2 is injected once 
more and the reaction layer thickness increases again.") and means (detailed in the above rejections) 
for providing a plasma from a nitrogen gas to a reaction chamber with control of ion and radical 
concentrations ("4. Transport tube length effects", p. 1809; "B. Tube length", p.l 8 12; "2. Etch rates 
versus tube length", p. 1803) such that the radicals would react with a substrate in a film conversion 
step. 

13. The Examiner's opinion with respect to "Moslehi does not describe a system including a first 
chamber and a second chamber wherein the first reaction chamber is separated from the second 
reaction chamber by a distance suitable to deliver a plasma to the second reaction chamber 
substantially free of ions to react with a substrate in a film conversion step", remains unchanged, and 
Applicant is again directed to the claim rejections above. Specifically Moslehi is applied to meet 
these stated claim requirements wherein Moslehi identically teaches system including a first chamber 
(20, Figure 1) and a second chamber (24) substantially wherein the first reaction chamber is 
separated (Figure 1) from the second reaction chamber by a distance suitable to deliver a plasma to 
the second reaction chamber substantially free of ions to react with a substrate in a film conversion 
step is provided by instructions for controlling the gas source and the energy source (column 5, lines 
43-52) to convert a portion of a gas supplied by the gas source into a plasma comprising plasma ions 
and radicals (column 4, lines 9-14; column 10, lines 55-60, definition of plasma) and to deliver the 
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Plasma to the second chamber syfca^ (c o,„ m „ 4 , lines 9 ., 4; ^ , , ^ ^ ^ 
1. B» 46-52) free of ions ,„ r eac, with a substrate in ,he second chamber in a process conversion 
step. As such, Mosiehi provides a P pa ra ,us teaching for controlling/influencing piasma constituent 

concentrations. 
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Conclusion 

14. Any inquiry concerning this communication or earlier communications from the examiner 
should be directed to Examiner Rudy Zervigon whose telephone number is (703) 305-1351. The 
examiner can normally be reached on a Monday through Thursday schedule from Sam through 7pm. 
The official after final fax phone number for the 1 763 art unit is (703) 872-93 1 1 . The official before 
final fax phone number for the 1 763 art unit is (703) 872-93 1 0. Any Inquiry of a general nature or 
relating to the status of this application or proceeding should be directed to the Chemical and 
Materials Engineering art unit receptionist at (703) 308-0661. If the examiner can not be reached 
please contact the examiner's supervisor, Gregory L. Mills, at (703) 308-1633. 
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